In this paper, modeling and stabilization of networked control systems are discussed. Considering the existence of packet disordering in information transmission, a new mathematical model is proposed to describe the dynamical characteristics of networked control systems with bounded network-induced delay. Different from the existing models, the number of delay items is time-varying in the model obtained. Combining Jensen inequality with free-weighting matrix technique, stability conditions of networked control systems are presented based on linear matrix inequality approach, such that a novel controller design method is obtained to deal with delay systems in which the number of delay items is time-varying. A numerical example is given to show the effectiveness of the proposed method.
INTRODUCTION
It is well known that all devices (the samplers, the digital controllers and the holders) are distributed and connected by the networks in networked control systems (NCSs). Because of the limitation of the network resource, network-induced delay and packet dropout will inevitably degrade control performance of NCSs, or even cause the control systems unstable. Recently, the network-induced delay and packet dropout have been received wide attentions, many results have been obtained based on robust control, stochastic control and switched systems theory [1] [2] [3] . It is worth pointing out that the above results are under the assumption that no packet disordering exists in NCSs. Out-of-order arrival of packets is an increasingly common phenomenon on the Internet. Recently, there are also some research efforts on packet disordering of NCSs [4] [5] [6] [7] . As illustrated in [4] , the controller obtained by the method ignoring packet disordering [2] can't stabilize NCSs with packet disordering. Then, packet disordering should be carefully studied such that the systems can be recovered from disordering. In [5] , the old untransmitted message when the new packet has been transmitted was discarded, in this case, the stability was studied. Reference [6] studied the problems of designing H ∞ controllers and compensating time delay and packet disordering for NCSs. In [7] , a model of the NCSs was provided in the presence of the network-induced delay, packet dropout and packet disordering, and controller design method was proposed based on a delay-dependent approach. In [4] , the less conservative results than those in [5, 7] were obtained. To the best of the authors' knowledge, the packet disordering problem in NCSs has not been fully investigated up to date. It should be noted that the models with time-varying delay item numbers have been extensively applied in engineering field, including NCSs, distribute systems, etc. However, the analysis and synthesis of the case of model are not presented up to date. In this paper, a novel model of NCSs wherein the number of the delay items is time-varying is established under considering the existence of packet disordering. Furthermore, the stability condition and controller design are discussed using Jensen inequality and free-weighting matrix technique, which is the main contribution of this paper. Finally, a numerical example is given to show the effectiveness of the proposed method.
FORMATTING DESCRIPTION.

Modeling Systems with Time-Varying Delay Item
Numbers
Considering the following system given by ( ) ( ) ( )
where ( ) [4] ). Table1. An Example with Packet Disordering
, under considering the existence of disordering, the changes in ( ) t u occur at the random instants 
The controller is event driven, so k u can be used to express the output of the controller when the signal k x of the sensor is transmitted to the controller. Integration of (1) over a sampling interval
where 
Remark 1.
Since the newest control input will be executed by the actuator, the scalar s denotes No.
the number of new control inputs, and 0 k n h ≤ ≤ .
x is time-varying based on assumption,
It is obvious that
, it means that no packet disordering occurs in the transmission. Then, model (2) 
For further explain model (2), we study the example in Table 1 . In the example in Table 1 , h = 3. If the changes in ( ) t u occur as illustrated in Fig.1 , which means that 0 3
By (2), we have 1 4 ( 1 ) Remark 3. The system model described in (2) can be regarded as a substantial extension of the delay systems in [2, 8] , in which packet disordering is left out of account by authors. By imposing (2) is the model of [2] , and when 1 h = and ( ) 1 (2) is the model of [8] .
Modeling Uncertain Systems with Time-varying Delay Item Numbers
Similar to the method in [4] , the model (2) is appropriately transformed into an uncertain system (4) to derive controller based on matrix theory. From the above derivation, (4) can be converted into
Based on assumption, we have 
the model (6) is the especial case of 0 k n = . Hence, the model (6) presented in this paper can contain all possibility of NCSs. If we choose controller
we can obtain k
Kx , then the system in (6) can be rewritten as
MAIN RESULTS
In this section, we will present the sufficient condition on robust stability and controller design method. Lemma 1 [9] For any matrix M , N , ( ) k F with T ( ) ( ) k k < F F I and any scalar 0 ε > , the following inequality holds
Lemma 2 [10] Assume that ( ) 
For simplicity, we will use the following notation
x y . By (11) , it follows that
where any weighting matrices 
Similarly, we have 
by Lemma 1 and Lemma 3, 
and
, by (12)- (20), we can obtain (9) and (10) 
and a scalar ε satisfying Fig. 3 , where Fig. 3(a) and Fig. 3(b) represent state trajectories in the absence of disordering and presence of disordering in the network, respectively. As shown in Fig. 3 , it is evident that packet disordering has significant impact on the performance of systems. , the simulation results by the method in this paper is also given in Fig. 4 under time-varying delay and packet disordering shown in Fig. 2 . 
CONCLUSION
In this paper, packet disordering and bounded networkinduced delay are considered. A new mathematical model with time-varying delay item numbers, fully describing packet disordering, is put forward for NCSs. Moreover, combining Jensen inequality with free-weighting matrix technique, stability conditions and controller design of NCSs are studied. An example and simulations show the effectiveness of the proposed method.
